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SUMMARY 



Eesiilts are presented of a series of flight tests of 
the maximum speed and cooling characteristics in full- 
throttle level fli-ght of the XP-42 airplane equipped with 
a short-nose hivi;h-inlet -velocity cowling* This cowling 
is one of a series "being tested in an effort to improve 
the performance and cooling characteristics of air-cooled 
engine installations. 

The results of the tests indicated a maximum speed of 
335 miles per hour at 960 horsepcv/er at 15,000 feet. 

Pressure rnea sur eL:ent s in the entrancas to the cylin- 
der hafflepi shov/ed a fairly uniform distribution of pres- 
sure a.round the engine at similar points of measurement 
on individual cylinders "but indicated that cooling-air 
pre?5sures varied considerably for different points of 
measurement on the sai'-ie cylinder. The variation was proh*» 
ably due to tV.e velocity head of the entering cooling-air 
jet. Static provSsurG behind the engine was uniform. 

vFront pre^^sures on the engine averaged 80 percent 
and rea.r pressures 39 percent of free-stream impact pres- 
sure. The res^ Iting pressure drop of 15 inches of water 
at fvwll throttle at 15,000 feet cooled the cylinder heads 
adequately; maximum cylinder base t empor a t ur e s , however, 
exceeded the specified liiiiits v-hen corrected to Army sum- 
mer c ondi t i 0 ns . 

Pressure measurements in the carburetor and oil-cooler 
ducts showed rarns of slightly over 100 percent of free- 
stream impact pressure. Air-flow measurements in the car- 
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turetor duct and in the annular entrance to the eiigine 
conir)artment showed that the volume flows of induction and 
cooling air were approximately constant at full throttle 
over a ran^e of altitudes near the critical altitude and 
were, respectively, 2960 and 19,900 cuoic feet of free air 
per liiinLxte. 

INTRODUCTION 



The National Advisory Committee for Aeronautics is in- 
vestigating means of xaodifying the conventional NACA radial 
engine cowling to meet the demands imoosed "Dy the latest 
designs of military airplanes. Tests in a number of the 
wind tunnels have been directed toward improving the cowl- 
ing in the following* respects: 

1. Greater stability of the air flow ivit/iin the cowl- 
ing, par t icular 1;/ at angles of attack corresponding to the 
climb condition, to provide a uniform cooling-air pressure 
in front of tne engine 

2. Reduction of energy losses in the cooling air in 
front of the engine by the use of an efficient diffuser 
between the inlet and the front face of engine 

3. Adequate ground cooling cnarac t er i st ic s 

4. Improvement in the external shape to reduce drag 
and to increase the critical s'oeed of the cowling 

The NACA D- series cowlings have been developed to 
meet these requirements- The i) cowlings are character- 
ized by' the use of a ^cowling inner liner and of an after- 
body behind the spinner. These units form an annular en- 
trance followed by a diffuser section made up of the after- 
body and inner liner. Investigations such as reported in 
references 1 and 2 have indicated desirable ranges of 
cooling-air inlet velocities, diffuser proportions, and 
ext er nal c ont our s . 

In order to expedite incor oorat ion of these new fea- 
tures in projected designs for military aircraft, the 
NACA is conducting flight tests of the Curtiss XP-42 air- 
plane fitted with several engine installations utilizing 
the latest developments of the NACA cowling and individ- 
ual c^^iinier 'jet e":h ust stacks (reference 3). 



Tho SP-42 airplpno 1 c powered ^by a Prntt.'& Whitnoy 
1330-31 one^inc. As cr i ^:inall,v furnished with the airplane 
this engine carried an extension shaft thot "olaced the 
propeller 2C inches ahead of the normal position. The 
first of the cowling-;-s included in the series of tests was 
designed, for this long-nose engine ?5nd represented a com- 
plete redesign of the cowlin:^ furnished with the airplane. 
The development of this cowling in the full-scnle wind 
tunnel is descri1}ej.. in reference 2 and the flight-test re- 
sults are presented in reference 4, 

The present report is the first of a series of re- 
ports on the shcrt-nc^^e (Dg) 'ccv/lings and contains the 
results of tests in the hiie;h-speed level-flight condition 
of the high-inlet-volocity cowlin':;, which was designed 
for the v^hort-nose Pratt & Whitney 1830 engine. This cowl- 
ing was tested on the XP-42 airplane by replacing the nose* 
extension shaft of the 1330-31 engine with a shaft of 
st andar d size. 

S'or convenience » tost nunhors ha.ve "been assigned each 
cowling ?.rrangenent and flight condition. Tests 1 and 2 
were the high-speed and climh tests of the long-nose co^^l- 
ing and test 3 is the investigation on the short-nose 
cowling reported herein. P'lrthcr identification has "boon 
given "by prefixing this test number to the number for a 
particular flight, which was arbitrarily assigned. ?or 
example, flight 3-5 indicates flight 6 in which the air- 
plane was in test condition 3. 

It v/as necessary to defer the final part of the tests 
of this cowling, involving determination of its cooling 
characteristics in climb, until the scheduled hi gh- spc ed 
tests of other arrangements had' ooon completed and the in- 
adeq^uate cowl flap instr^llation could be modified as in 
referpnc^. 4. 

The design of the cov/li-ng and engine installation was 
a project of the Ait-Cooled -3ngine-Ins o allat i on Group sta- 
tioned at the Laboratory. The. members of the group asso- 
ciated v/ith this project included Mr, Howard S. Ditsch, of 
the Curtiss Wright Corporation; Mr, Peter Torraco, of the 
Republic Aviatirn Corporation; Mr. William S. Hichards, of 
the bright Aeronautical Corporation; and Mr. James E. 
Thompson, of Pratt & Whitney Aircraft, Th.o Materiel Com- 
mand, Army Air Forces sponsored the investigation and sup- 
plied the XP-42 airplane. The Airplane Division cf the ' 
Curt i ss-Wright Corporation handled the construction as 
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well as the structural and detail design of the cowling, 
and supplied personnel to assist in the servicing and 
maintenance of the airplane and cowling during the tests. 
Pratt & V/hitney Aircraft prepared the engine and torque 
meter for the tests and assisted in the operation ^n^ 
servicing of the engine. The propeller, cuffs, and spin- 
ner vrere stipplied the Fropoller Divisicn of the Curtiss- 
Wright Corporation. 



•port 



This report was originally 
for the Army Air Corps. 



issued as a memorandum re- 



XP-42 AIRPLAira VITE SHOHT-UOSI] COIfLING 



The XP~42 airplane is identical with the P-36 airplane 
except for the fuselage fairing "behind the cowling and the 
installation of its Pratt & Whitney 1S30 engine with its 



higher critical altitude rating, 
engine is as follows: 

Brake 
horsepower 



The power rating of the 



Engine 
speed 
(rpm) 



Altitude 



(ft) 



Take-off 
Normal rating 
Normal rating 
Military rat ing 



1050 
1000 
1000 
1000 



2550 
2300' 
2450 
2700 



0 

8 ,500 

11 , 500 
14,500 



The engine hn s a singl e - st age blower with an impeller- 
drive ratio of 8,47:1 and a propeller-drive ratio of S:16. 
The engiuo-cylinder baffles were reworked to minimize the 
leakage of air between adjoining baffles and to direct the 
cooling air on the cylinders in an efficient manner. 



The 10-inch-diamet er oil cooler furnished vjith the 
engine was replaced by an 11-inch U.A.P. cooler with the 
same core depth of 9 inches. Individual jet exhaust stacks 
were used in •ol<^ce of the standard collect or ring . Those 
stacks are made of 0.049-inch s t ai nl e s s- st e ir< 1 tubing of 
3 



2-^-inch outside diameter. The ends of tho 
8 

flattened to reduce the internal -^rea from 
sauare inches. 



stacks wore 
4 .05 to 2.98 



The ongino covrling and propeller cuffs were fp.lDri- 
cated "by the Cur t i 5 s-V/r ight Corpor,^tion pnd are shown in 
figiircs 1 to 6. 

The fuselage side panels reported in references 1 and 
2 were URod to improvo the fairing of the cowling into the 
fuselage. The airplane, as prepared for the tests, weighed 
aliout' 5000 pounds with 175-.pound pilot nnd full tanks. It 
retained the standard 's.erial, "but had no provisions for 
guns. 

TEST APPARATUS 



The installation of test equipment v/as designed to 
give as nearly as possi"blo a continuous record of the 
pertinent data, with the exception of air-flow mea^:^ure- 
ments, throughout each flight. Continuous records were 
taken of airspeed, altitude, ninnifold pressure, engine 
speed and torque, and temperatures. Air flows v/ere meas- 
ured "by recording instruments during the particular 
flight conditions under investigation. 

Free-stream imppct pressure v/as measured "by an NACA 
airspeed recorder connected to an airspeed "boom on the 
right wing tip (fig. 7). The boom carried a fixed static 
head about one chord length ahead of the leading edge of 
the wing .and a special shielded impact head halfway "be- 
tween the static head and the leading edge of the wing. 
The static head was calibrated in flight "by flying at a 
known geometric height at several airspeeds with a sensi- 
tive altimeter (fig. 8) connected to the static head. The 
shielded impact head is accurat,e at .'^11 angles of attack 
encountered in steady flight. 

Atmospheric pressure v;as measured "by an IIACA record- 
ing altimeter vented to the compartment behind the cock- 
pit in which the recording instruments were installed. 
Pressure data so acquired v;ere corrected for the measured 
difference "between the compartment pressure and true stat- 
ic pre s sure . 

In the sam.G instrument vras incorporrted another cell 
that recorded a"bsolute manifold pressure r-t the super- 
charger hlowor rim. 

I'he pressure from a Pratt S Whitney oil-pressure 
torque meter installed in the nose of the engine was trans- 
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mitted both to gago in the pilot *s cockpit and to an 
IIACA pressure recorder havin^.; a ran^'e of 400 pounds per 
square inch. This i n st ?^ 1 la t i cn permitted "both visu<il and 
recorded indications of the torque delivered to the pro- 
TDeller. This record, in conjunction with the engine-- 
speed record, permitted calculation of the hrako horse- 
power delivered to the propeller '^t any time during the 
flight . 

Engine speed vr^s recorded "by means of p revolution 
counter teed off the tachometer drive. At every 200th rev- 
olution of the engine, <^ cont-'.ct wns made that operated a 
solenoid '^nd made a m'^rk on the 'airspeed film. Since a 
chroncmotric timer was '^Iso used to mark the film every 3 
seconds, the time for 200 revolutions cculd ho calculated 
from the relative distances along the film of engine speed 
and timber m.^rks. 

All tomper'^ture records were mnde \)y means of thermo- 
couples connected through two 34~poBition rotating switch- 
es to ^ two-cell recording g^. iva nome t er . The cold junc- 
tions of ^^.11 thermocouples were placed in pans surrounded 
hy an i ce -and-wn t er "brith to keep them ^t constant tempera- 
ture. The lends to the cold- junct i on hox are shown in 
figure 9. The "box containing the i ce-and-wat er bath is 
concealeri. by the felt wrapt)ing used to insulate the bath 
from the cockpit temperatures. The switch speed was such 
that each temperature was recorded about once every 45 
seconds. 

All cylinder-head and barrel temperatures were aeas- 
ured, the heads by means of gasket-type thermocouples un- 
der the rear spark plugs, ^^nd the barrels by means of 
thermocouples peened into the flanges at the rear center 
line. Other temperature recordings included: 

Intake mixture at intake ports of cylinders 5 and 10 

Front and rear spark-nlug elbows of cylinders 1, 7, 
and 11 

Sight and left magnetos 

IFuel cn suction and pressure sides of pump and in car- 
buretor float chamber 

Mixture at supercharger blower rim. 



Oil out 



Oil-in line 

Free air (under loft ving outside slipstream, see 
figB. 10 r^^nd. 11) 

Air Just ahuc-^d of scrt;Gn in carlDuretor scoop 

Air at entrance to engine cr-partment 

Engine cooling air ahead of cylinder 1 and "between 
cylinders 2 and 14 

iSngine cooling air 2 inches "behind cylinder 1 and 
three fin cpaces ahove "bottom of head 

Air at exit from oil cooler 

A c c e s scry c or.:T)a r t ment 

P i 1 0 1 ' s c 0 c kp i t 

He c or d i ng i n st ru'^icnt c ompar t mcnt 



An '^•Aditional t hor'r.ocouplo vras placed in a thermos 
"bottle (fig. 12) containing hot ethylene glycol, the tem- 
perature of which was checked with a mercury thermometer 
just "before take-off ^^nd just after landing. 

Engine cooling, car "buret or and oil- cool or air flow, 
as well as several additionr-1 r)r05sure measurements, were 
made "by mean? of an ITACA multiple recording manometer in 
conjunction with twelve 9-pcsiticn rotating proi^sure 
switches, v;hich made possihle the recording of 108 differe 
prop.rures within about 30 seconds. The installation of th 
manometer and switches is shown in figures 13 and 14. 

For the measurement of engine cooling-air flow, three 
pressure rakes rero set 120^ apart in the annular entrance 
to the engine compartment. Each rake consisted of five 
impact tu"bes spaced radially across tlie opening and one 
static tuhe about 1 inch to the side of the center impact 
tube. ITigure 15 shows the right and left rakes. 

The pressure at the entrance to the cylinder baffles 
was measured by a total of 37 impact tubes distributed 
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tetween cylinders 1, 3, 4, 6, ?, 9, 10, 12, and 14. Sach 
of these cylinders carried two impact tulDes on the exhaust 
side of the cylinder, one ahout three fin spaces "below and 
the other ^^tout three fin spaces ahove the bottom of the 
head; a third tuhe was in the fins on top of the cylinder 
head. In addition, cylinders 1, 6, and 10 had impact tube 
similrrly located on the intake sides of the heads and "b-^r 
rels and cylinders 3 and 4 carried tuhes botv;een the top- 
most concentric head fins and "between the lowest barrel 
fins on the exhaust sides of trio cylinders. Some of the 
tubes in the baffles of cylinders 9 and 10 rro indicated 
by arrows in fi.;;urG 15. The pressure rake shown was in- 
stalled after coiaploticn of the tests reported herein and 
preparatory to tests of a bl owor -cooled installation. 
Static pressure behind the engine cylinders was measured 
by open-end tubes sheltered from direct air flow behind 
and jvist bjlow each of the nine cylinders on which the im- 
pact tubes ivcre placed.. 

The air flovr nnd the ram to the carburetor were de- 
termined by means of a rakj (see fi^^. 17) of five impact 
tubes on the vertical center line of the scoop about 2 
inches behind the center line of the rear cylinders and 
three static tubes about 1 inch to the side of the impact 
tubes. Holes flush with the top and bottom v;alls of the 
duct gave the static pressure in the boundary layer. Con- 
nections were also made to the carburetor impact-pressure 
tubes below the screen and to the pressure in the float 
chamber, beyond the altitude compensator. 

Pressures in front of the oil cooler Cfig. 18) were 
measured by means of three impact and three static tubes 
disposed along the vertical center line of the oil cooler, 
their openings being about 5/4 inches in front of the face 
of the oil cooler. Three impact tubes were placed about 

i inch behind the rear face cf the oil cooler, also on the 
2 

vertical center line, and a shielded impact tube accurate 
to about 20"^ of yaw was set in the exit air stream at the 
trailing edge of the oil-cooler flap (fig. 19). The rela- 
tive locaticns of points of pressure measurement are indi- 
cated in figures 6 and 20. 

Additional pressure mea sur erient s include accessory- 
compartment , recording-instrument-compartment , and pilot ' s 
cockr)it prer^sures, as well as free-stream impact pressure. 

All impact and static, tubes to the manometer were of 



•i--inch coDper tulDin^, 0.06-inch inside diameter, v/ith 
8 

leads not less th'-^.n 12 nor more than 15 feet long. 

Instrument readings made by the pilot included oil-in, 
carburetor-mixture, f\nd. free-air temperatures from vapor- 
pressure thermometers already installed in the airplane. 
For the l^^st two flights, a r e si st anco-bulb thermometer 
with a ratio-type indicator was installed in place of the 
vapor -pressure free-air thermometer. All free-air thermom- 
eters were calibrated for the heating effect due to speed 
by flying .^t constant nltitudo ^-^t several airspeeds. The 
cal i br t i ons ^re shown in figure 31. It was decided that 
the free-air t cmpcr^^ tures recorded by the thermocouple 
wore the most reliable, ond those froc-air temperatures, 
corrected for compressibility, ^rc used in this report. 

Attempts were m^^.do to measure the fuel flow to the 
engine by two separate methods. One method was by the use 
of ^n NACA recording flowmeter installed in the fuel line 
between the pump and the carburetor; the other w^s by 
measuring the preasuro drops across the main and occnomizor 
jets in the carburetor, which had been calibrated previous- 
ly on the flow bench. Analysis of the d.'^tf^, subsequent to 
the tests indicated that neither method gave satisfactory 
results s inp.talled, and no fuel-flow data are presented 
in this report. It is thought, however, that further de- 
velopment will result in making one or both of those meth- 
ods of fuel-flow measurement satisfactory and may permit 
reclamation of the data obtained in these tests. 



TEST PHOCiJDUHZ 



Because the cov:ling was equipped with only enough 
cowl-flap area to cool the engine in a medium climb, all 
full-power testing was confined to the high-speed level- 
flight condition. The flight tests, then, fell into three 
groups; first, preliminary ground tests and flights at in- 
creasing altitudes and powers to make sure that cooling at 
full power and critical altitude would be within the allow- 
able limits and to calibrate the 'airspeed head and froo- 
air th^:;rmomet or ; second, full-power level flights with the 
original cuffs at several ^^Ititudos at and above the en- 
gine critical altitude (flights 3-6, 3^.8, ^nd 3-9); and 
third, full-power level flights at approximately the same 
altitudes as in the second group, but with the cuff angles 
reduced by about 2^ (flights 5-10 and 3-11). 
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The typical procedure used for testing high speed and 
coolin^^ pressures may "be seen from an inspection of the 
time histories of the flights (figs. 22, 23, .^nd 94). The 
pilot made a gentle climl) to approximately the rated crit-- 
ical altitude of the engine (14,500 ft), then leveled out, 
closed the cowl flaps, and went to full throttle at 2700 
rpm in the aut omat i c -r i ch carhuretor setting. After reach- 
ing constant speed, the pilot sv^itched on the manometer 
and fuel flowmeter for ahout 40 seconds, or for slightly 
more than one cycle of the rotating pressure switches. 
(All other recording instruments were left on from take- 
off to landing.) The interval thus covered was consid- 
ered to he the "run" for purposes of determining the high- 
speed and cooling characteristics of the airplane at that 
altitude and power. Upon completion of the run, the pilot 
would climh to the next altitude (usually ahout 800 ft 
higher) and make another run of the same tyoe. In each 
of the flights for liigh speed, runs were made at four al- 
titudes, ^'or the last flight with the modified cuffs, one 
high-speed run was made at an indicated --altitude of 17,000 
feet in automatic rich, afto.r which the c^^r our et or-mixtur e 
control was changed to full rich -nd then Ic^.ncd out pro- 
gressively in order to find whether a higher po^^^er could 
he attained with a different mixturj. V/hon the mixture 
W--S ch.^^nged from automatic rich to full rich, the torque 
dropped 13 percent '^t const.<^nt engine sT)Ood; when the 
mixture was loaned, the torque rose hut started to fall 
off again after almost reaching the value ohtained in the 
automatic rich setting. As it was not considered safe to 
ler^n the mixtures helow the point at which the torque 
started to fall off, the pilot immediately set the mixture 
control hack to automatic rich and ended the experiment. 
A subsequent study of the relative fuel-flow data indicat- 
ed, however, that the rate of fuel flow to the engine dur- 
ing manual mixture control was never as low as the rate of 
fuel flow in automatic rich; the unexplored region was in- 
dicated to he of the order of 70 pounds of gasoline per 
hour. The fuel-flow records also indicated that the mix- 
ture was hecoming slightly richer, rather than leaner, 
during the last part of the period of manual control. 



EilSULTS 



In figures 2*3, 23, and 24 are presented time histories 
o: the main high-speed flights, giving the recorded pres- 
sure altitude; indicated airspeed; manifold pressure; 
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torque; engine speed; ?^nd head, barrel, rnd. other selected 
temperatures during the flight. The hrnke horsepower as 
calculated from the torque and online-speed curves is also 
given . 



The periods oz ste-^dy level flight at different al- 
titudes during i\'hich the high speed vras "being measured 
are indicp.ted on the time histories. The data loertinent 
to the determination of maximum speed that were recorded 
during these runs --^re plotted to an enlarged scale in fig- 
ure 25, The values of maximum speed and power calculated 
from these data for each run -^re given in table I '^long 
with simultaneously recorded data on enf,ine temperatures 
and cooling and induction air pressures. 



The Values of maximum speed given for each run in 
table I vrere computed from values of impact and static 
pressure selected, after inspection of the enlarjred time 
histories of figure 25, as being most representative of 
steady level flight. Comparison of the vr.lues for all 
runs over the altitude v-nse covered shows a m'^ximum 
sDread of ^^ppr oxim-^ t ely 5 miles per hour in speed. The 
f'^ired curve of sp^^ed ^g'^inst altitude in figure .96 sug- 
gests th'-t about 90 percent of this spread is -attributa- 
ble to a consistent variation of speed with altitude. 
The remaining spread of approximately 4 miles per hour 
indicates the consistency v;ith which the maximum speed 
values could bu reproduced in different runs under differ- 
ent atmospheric conditions. 

The relation between the observed variations of pov/er 
and speed with altitude shown in figure 26 is most easily 
understood by consideration of the eq^uilibrium of power 
required and power available in steady level flight. Un- 
der these conditions 



DISCUSSION 



Maximum Speed 




(1) 



or 



V = 



52.73 




(2) 
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wh ere 



D 



over-all drag of airplane, pounds 



V 



true airspeed, miles per hour 



Tl 



prcptilsivo efficiency of propeller and exhaust 
stack combination 



iDhp 



"brake hor sepo^'/er 



S 



win^^' area, square feet 



&.rpig coefficient of airplane 



a 



density ratio 



It is iinmcdiatoly apijarent that, :or f ul 1 - thr o 1 1 1 e 
level flie^ht at and sli-ghtly above the critical altitude 
of an airplane cf normal aspect ratio and v;ing loadin^g 
and a propeller chosen for good high-speed performance, 

the value of the -DarprnGtor 52.73 ( ~— \ should be vir- 

tually unaffected by moderate changes in vreight or alti- 
tude. Values of this parameter deduced from the observed 

Values of V and ^or each run are plotted ag'^inst 

density altitude in fi.2;urc 27. As expected, little varia- 
tion with altitude is app^rrent. 

Under the conditions just described, the parameter 



stant over the .altitude r^^nge covered by the tests. The • 
measured values of this parameter, vhich are <>lso -clotted 
against density altitude in figure 2?, confirm this expec- 
tation. 

One important phase of the present investigation in-- 
volves comparison of the high-speed performance of the 
short^nose cowling and exhaust stack arrnngoment with that 
of a similar long-nose version tested previously on the 
same airplane (reference 4). It has -Iso been suggested 
that the results might be compared with accepted high- 
speed performance results for similar airplanes with con- 
ventional air-cooled (P-36A) nnd liquid-cooled (P-40C) in- 





expected to remain essenti'^lly con 
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stallations. In order to provide such n comparison, equa- 
tion (2) in the modified form 




is prcsontcd graphically in figure 28. Points roprosont- 
ing tho high-speed per- ^ ormanco of the various airplanes, 
nil of which have the same wing proa, are spotted in this 
figure. The locaticn of a point on tho figure immodiato- 
ly reveals not only the maximum speed of the airplane "but 
r'lso the manner "by i\rhich that speed is attained; thpt is, 
by power, supercharging, and ram as indicated "by the or- 
dinate scale, or by ?>erodyn^mic refinement, as indicated 
by the r b s c i s s n s c 1 j . 

V/ithin reasonable limits, tho figure may be used for 
several purposes. Primarily, it provides a ready method 
for determining the effect on maximum speed of changing 
the critical altitude of an engine installation by either 
supercharging or ram, or by reducing preheating of the • 
carburetor .^ir. \Vhen the corresponding changes in the 
weight and the propulsive efficiency are small, the effect 
on the factor vrill be negligible. The abscissa of a 

point on the figure may therefore be assumed to remain 
constant while the ordinate is shifted. For instance, 
for purposes of comparing the cleanness of the two instal- 
lations in terms of speed at the same horsepower and al- 
titude, it might be assumed that the induction system of 
the long-nose XF-42 could be modified without increase in 
drag to get the same high ram as obtained with the short- 
nose XP~4'3. Tn that case, as the same engine was used in 
both installations, the observed points for the long nose 

would be shifted u-pward to the same avernge value of — — 

a 

as was observed for tue short nose; r^nd the long-nose in- 
stallation would be expected to attain a maximum speed of 
341 miles per hour, compared with the observed maximum 
speeds of 336 miles per hour for the short nose and 538 
miles per hour for the long nose. The chart shows then 
th^.t tho cleanness of tne long-nose installation is not 
fully exploited because of losses in tho induction system. 

The comparison m.^y be extended to include the P-36A 
and P-40C, with limitations to be nrted later. Inasmuch 
as the engines of all ti^ese .airplanes have been rated at 
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1050 horse-power 1 Vfirious altitudes, it "be assumed 

thnt the rr-di-'^l engines could "be supercharged to 1050 
horsepov/er -^t 15,000 feet, or, in other words, to the s^me 
po^^er and a.ltitude ns thr^.t of the P-40G. The comparison 
v/ould then show: 



• 

AirDl.nne 


Ooserved :ii.<).:<;imuni 
speed 

(r.ph)- 


Mnximura s^oeed at 
1050 hp nt 
15,000 ft 
( raph) 


P-40C- 


34 7 


347 


3 long no so 


33 8 


35 2 


short nose 


33 6 


34 7 • 


P-3 3A 


313 


535 



This ccmp'r^r i son s subject to certain limitations. 
The en^:ina powers cf -he P-56A nnd P-4CC were not mea^-ured 
hy an ene:ine torcj.ie i.':6ter ^-i^.d are therefore open to some 
question. Some additional cooling pover would bo required 
to oocl the P-3SA and the XP-42 engines to the sp.rne power 
rntin^' as the P-4CC engine. Corapprison of the aerodynamic 
effect of the en,<^ine inst ^n!^ la t i on is further complic^^ted 
by.the f.-^ct thnt other sources of drag -^-re not strictly 
ccnT)arablo because the gun inst nl lat i one on the XP-.4S h^td 
been removed ^nd bec-'^-use, on the other hind, some det.^.iled 
r-erodynamic refinements, such as the Innding-gear fairing, 
have he en made on the P-4 00. 

The comparison, however, does a"Ppear. to indicate that, 
hy use of individual jet e:xhaust st^^^cks ^nd a high-inlet- 
velocity cov/liiig, the installation of an air-cooled engine 
may be m^de to compare favorably with a conventional liquid- 
cooled engine installation. 



Pre s sure s '^nd T em.per ature s 

The vrrin.tion of cylinder t emper tur e s ^^round nn en- 
gine is influenced by ^ number of factors, such as non- 
uniform charc;e nnd mixture distribution, th-'^t are in no 
w.ny a function of the cowling design. Unluss the effect 
of theE:e factors c?^n be determined, the merit of a cowl- 
ing designed for general apiolication cannot be reliahly 
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cvnlu.?.tod "by mo.*^ sur omont s of engine tcmpersiturcs ^lone on 

specific application. For this reason, primary empha- 
sis in the present tests s been centered on determining 
the extent to which the type of cowling under ccnsidera- 
g tion provides a high, uniformly distributed pressure over 

to the front of the engine and a suit.^ble» uniformly distrib- 

^ uted pressure over the rear of the engine. 

Figures 29 to 31 present the results of the pressure 
and temperature measurements in a graphical form that shows 
the distribution of both pressure Bnd. temperature around 
the engine for several typical runs. Those data indicate 
that I while pressures at the baffle entrances vary some- 
what with the location of the cylinders on iirhich they are 
measured, thoy vary even more critically with the point of 
measurement on the individual cylinder. "Values, averaged 
around the engine, of the front pressures recorded at par- 
ticular locations in the cylinder baffles arc given in 
table II. Thoy indicate a dcficiencs'- of front pressure 
at the top of the heads of the front cylinders and at the 
bottom of the barrels of both front and renr cylinders. 

In the typo of cowling under consideration, in which 
cooling air is introduced to the engine compartment through 
a fairly narro^-- annular opening, the front pressures on the 
engine, and particularly on the front cylinders, may be ex- 
pected to vary up and down the cylinder v'ith respect to 
the location of thv^ entering jot, the magnitude of the var- 
ipition depending upon the velocity of the jet and the dis- 
tance of the cylinder behind the jet. If space permits 
the use of well-designed diffuser section in the f^nnulus, 
the jot entering the engine compartment will have negligi- 
ble velocity head and turbulent losses vrill also be negli- 
gible. The result should then be a high uniform pressure 
on the front of the engine, the pressure being equal to 
that in the annulus. If such a diffuser is not or cannot 
bo used, it may reasonably be expected thnt the maximum 
Variation of front pressures will not exceed the differ- 
ence betv/een the impact pressure and static pressure of 
the air at the exit from the diffuser, or, the velocity 
head of the jet. It is intorosting to note in this con- 
nection that the lowest pressures measured in the baffles, 
were approximately equal to the meaBurod st-^tic pressure 
in the ^^nnulus and that none of the front pressures were 
c»s high as the impact pressure in the ^.nnulus. The aver- 
--^ge pressure on the front of the engine was approximately 
0.12q^ lov/or than the average impact pressure in the annu- 
lus (oq, airplane impact press.). 
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The general trend of pressure distribution around the 
enf^ine indicates that the highest front pressures occurred 
on the hottom of the engine; ^^rhereas the lowest front pres- 
sures occurred on the right and the left upper sides of 
the engine. When average pressures over r,ll high-sneed 
runs are plotted for each common point of pressure inonsure- 
ment , as in figure 32, it is seen that the only points 
follov/ing this trend are the pressures on top of the heads. 
V/ith the exception of cylinder 3, the distrihution of pres- 
sure on the side of the hends ^^nd "b-^rrels v/^^ s uniform 
around the engine. The pressure tuhes on the side of cyl- 
inder 3 were directly "behind a I'^rge i gni t i on- cahl e con- 
duit nnd probahly I'^y in its wake. Although there were 
usually other oh s t ruct i ons , such as push rods and ignition 
cahles, in front of the other pressure tuhes, none were so 
lar.ore ns the conduit. These obstructions, however, may 
account for some of the observed difference in tot^.l pres- 
sure between the -'^nnulus md the engine. 

Individual cylinder temperatures showed little tend- 
ency to correlate with the pressure drops across the indi- 
vidual cylinders. It may be noted in particular that, 
although pressures over the top of the front cylinder 
heads iv^ere lower than those over the top of the rear heads, 
the front head temperatures wore lower than those of the 
roar heads. In this case, the observed pressures on top 
of the front heads may provide erroneous indications of 
the pir flow, because the tops of the fins, \^here the 
pressure tubes were located, v/ere above the direct air jet 
but the lower halves of the fins were exposed to the jet 
from the annulus. (See fig. 6.) 

An inspection of the cylinder t em.per ? t ur e s around the" 
engine shows thpt the ri-^-ht side of the engine v/c-^ s cooler 
th^^n the left. The left cylinder heads were on the aver- 
age, nbout 35*^ 1^ hotter than the right, and the left cyl-" 
inder bpses were correspondingly about 10^ ^ hotter than 
the right. The front base temper^^ ture s were slightly 
higher th^n the re.nr b^^se t emper tur e s . There is no ap- 
parent explanation why the left side of the engine was 
hotter than the right, because front ^ nd rear cooling-air 
pressures were nearly uniform. 

In figure 33 average head c^nd b^^rrel temperatures in 
above froe-air temperature -^^re plotted, along with the 
cooling-air pressure drops, '^veraged over the engine, for 
full-throttle operation over a r'^nge of density altitudes 
above the critical. Also shown are the brake horscpov;er 
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and manifold pressure. The change from the original cuffs 
(flights 3-8 and 3-9) to the modified cuffs (flight 3-10) 
produced little apparent change in any of the quantities 
shown. Although individual pressures and temperatures 
showed little correlation^ the variation of average pres- 
sures and temperatures was consistent, 

A considerable rise in cylinder temperature? at alti- 
tudes ahove critical altitude appears to have resulted 
from the net effect of decreasing power and decreasing 
pressure drop. An important proha'ble factor in this tem- 
perature rise, however, was the decrease in fuel-air ratio 
as the manifold pressure decreased at ^Ititud.s alDov.ci the 
critical altitude. Ihe pover compensation of this carhu- 
rctor d.^ponds upon tho m^^nifold pressure. 

The recommended, limit ing temperatures for the engine 
used in these tests were 50C ? for the cylinder heads 
and 355^ P for the "barrels at the points of measurement 
used. Army specifications require that the installation 
he capable of oporatiiig within those limiting temperatures 
under "summer conditions," that is, sca-levol temperature 
is 100^' ? and the Variation of t omxjcra tur o with pressure 
altitude is 3.6 F per 1000 feet. ?or correcting tests to 
these air conditions, a 1:1 temperature correction fac- 
tor is specified for both heads and barrels. S'iguro 34 
shows the observed head and boprel temperatures in rela- 
tion to those Army limits. It is immediately apparent 
that, although head tomporaturos were relat ively" low, the 
maximum barrel temperatures exceeded the Army limits at and 
above critic^^^l altitude even though the engine was operat- 
ing below its rf^ted military power. A redistribution of 
available cooling air to provide morv) pressure at the base 
of the cylinders would prob-^bly correct this condition.'*' 

Figure 35 presents a comp">.rison of the average pres- 
sures available at several locations in the cowling. The 
highest pressures were observed in the carburetor duct, 



Subsequent ^ t e st s on the same engine and thermocouple in- 
stallation in.^another short-nose cowling showed that a ro^ 
duction of 15 F in the temperature of the base thermo- 
couples could be obtained by removal of the baffle sealing 
strips between the barrels .^-t the bottom of the cylinders. 
The sealing strips are a special feature of the -o'^ rt i cul^. r 
oaffle arrangement provided by Pratt & Iv^hitney Aircraft 
for the engine used in this investigation and' -ro not pres. 
cnt m the standard baffle installation for 1850 engines. 
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whore the nrerrge pressure was ahout 104 percent of free- 
stream impa ct» pre s sure . This result indicated that the 
cuffs were loaded even in the high-speed condition. The 
difference in average pressure "between the car.huretor duct 
and the annulus is largely chargeal^le to the boundary- 
layer effect on the spinner; whereas the difference "be- 
tween the annulus and the front of the engine, as has "been 
noted, was proha'bly caused "by tur'bulent losses in the rapid 
expansion from the annulus to the engine compartment. The 
lari'::e "boundary-layer effect on the inner edge of the annu- 
lus, v/hich forms a continuation of the spinner, may he ob- 
served- in figure 35, which shows the average pressure dis- 
tribution in tli.e annulus and in the carburetor duct. The 
data in table I ' on impact and static pressures at the sur- 
veys in the annular entrance to the engine compartment in- 
dicate that the ratio of the velocity head at any point in 
the survey plane t o free-stream impact pressure remained 
essentially constant over the range of power, altitude, 
and a ngle-of -atta ck ccnditicns covered during the full- 
throttle high-speed runs. ?rom the faired curves of the 
ratio of impact and static pressures to free-<^tream impact 
pressure, averaged for all throe surveys and all high- 
speed runs as shoiAfu in figure 36, it has bean found that 




0 



64C 



where 




2 



dynamic pressure at surveys, pounv^s vcv square 
foot 



airplane impact pressure, po".nds per squ.^rc foot 



A 



area of 'annular entrance at survey, souare feet 



air density at survey plane, slUf;s per cubic foot 



8 



air veloci 



ty .qt survey i:'lane , feet loer second 



The mass flow of air to the engine is 



V,A = C.640 



y ^Ps^^c 



X9 



The volume flov; of free air at density p^^ is 



p V A 

ils_s_ ^ 0.640 

Tenpernture and pressure measurements at the surveys indi- 
cate that the density at the surveys ranged from 4 to 6 
percent ahove free-air density so that 



V olume f ?u o^r - 





Inspection of figure 35 shows that, within the limits of 



experimental error, the value of 




may be taken as 



357 at all altitudes covered by the tests. Hence, the 
flow of cooling air to the engine was 331 cubic feet of 
free air per second, or 19,860 cubic feet of free air per 
mi nut e . 

Svaltiated in a similar manner, the data for the flow . 
in the carburetor duct indicates that 



Volume flow = 0.138 




cubic feet por second 



= 2960 cubic feet of free air per minute 

Inasmuch as tho ratio of horsepower to density was 
constant, this result leads to tho conclusion that the 
specific air consumption was also nearly constant at 8.9 
pounds por brake hor sopowor-hour . 



CONCLUSIONS 



Results have been given of high-speed level-flight 
tests of n short-nose hi gh- i nl c t -vo lo c i t y cowling with 
propeller cuffs on the XP-42 airplane. Those results arc 
intended for use in comparisons with other cowlings tested 
on the same airplane, and for this reason the data ob- 
tained have been fully presented. 
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1. The observed nirplano maximum spood wd s 336 miles 
por hour nt 960 horsepower at 15,000 feet density r-ltitudc 

2. Cooling-nir pressure recovery on the front of the 
engine averaged a"bout 80 percent of free-stream impact 
pressure. The pressure distribution was fairly uniform. 

3. With 15 inches of water pressure drop across the 
engine, the cylinder head temperatures v;ere relatively 
lovr, "but cylinder loase temperatures were slightly above 
their Army limit . 
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^Based on cylinders 6 and 10. 
^Based on cylinder 1. 
'sased on cylinder 

sed on cylinder J. ' 
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Figure 6.- Side view of the XP-42 airplane with short-noee high-inlet-velocity 
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Fig. 4 
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Fig. 5 





Figure 9.- Thermocouple leads to cold-junction box. 




Figs. 10,11 



Figure 10.- Free-air thermocouple and vapor-pressure 
thermometer . 




Figure 11.- 



Free-air thermocouple and resistance-bulb 
thermometer . 





Figure 13.- 
Pressure- 
switch 

installation 
over 

manometer . 
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Figure 26,- Comparleon of high-speed performance on several airplanes. 
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— Pressures at several locations on Individual 
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re 33,- Effect of altitude on cooling. 
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Figure 34, Comparleon of cylinder temperatxire with Army llmlte. 
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